INTRODUCTION
Due to its small size, high precision, good concealment, the strap-down inertial measurement unit system has developed rapidly in military and civilian fields in recent years. [1] The strap-down inertial measurement unit often consists of three orthogonally mounted accelerometers and three orthogonally mounted gyros. [2] From a survey of the literature, it emerges that most of the calibration procedures proposed for IMUs were based on a numerical analysis on the errors and the modeled IMU errors are mainly sensor biases. So this paper attempts to characterize the total error in the measurement of the IMU to form an essential component of the construction of strap-down navigation system accuracy validation. This paper is outlined as follows. In Section 2, the various reference frames used are firstly summarized. IMU measurements and errors are discussed in details in Section 3. Section 4 focus on numerical simulation results and finally a conclusion is given in Section 5.
REFERENCE FRAMES
Coordinate frames related in the case study of initial alignment of the IMU are illustrated as Figure 1 . Inertial frame (i), navigation frame (t), body frame (b) and earth fixed frame (e) are used in this paper. Refer to [3] for the details of these frames.
IMU MEASUREMENTS AND ERRORS
The performance of IMU is affected by various errors. The IMU acceleration or angular velocity measurements are usually biased from the correct value. [4] Zero drift bias start constant and stay that way, while non-zero drift might increase with time. Scale factor relates to IMU linearity and might have an error which either linearly or non-linearly. Misalignment error is about the mounting orthogonality of IMU axes. The IMU measurement noise is composed of white noise, correlated noise, random walk, quantization errors and dither noise.
Figure1. Coordinate frames
Measurement model
Measurement model of accelerometer is as follows: [5] Numerical Simulation on Inertial Measurement Unit Errors
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Noise
Variance of the noise vector εa can be described as follows:
which is composed of white noise, correlated noise, random walk, quantization error, and dither noise. Least square method can be used to get the value of the parameters:
where k = 1, 2, 3,… kmax ≤0.5(M-1).
Bias
The bias error ba is composed of a bias at normal operating conditions and an added drift. According to [6] , bias changes as a function of temperature: 
where b 0 is the zero g bias, Δb is the added bias, w is a white Gaussian noise that drives the bias to drift, and b 1 is the drift white noise standard deviation.
Misalignment error
Package misalignment error is defined as the angle between the true axis of sensitivity and the body axis of the IMU. Figure 2 shows the rotation about z, y and x axis.
Scale factor error
The scale factor error is a kind of non-linearity error given as a percentage from the measurement full scale. [7] The angular velocity measurement of the gyroscopes is modeled using the following equation: 
where m ω is the gyroscope IMU measurement; ω is the true angular velocity vector; b ω is the gyro measurement bias error. The gyroscope measurement noise ε ω is composed of white noise, correlated noise, random walk, quantization error, and dither noise. 
CONCLUSIONS
A systematic numerical analysis on strap-down inertial measurement unit errors is developed. The errors, such as IMU bias errors, IMU misalignment errors, scale factor errors and measurement noise errors, are taken into discussion. Numerical simulations were presented to describe the combined IMU measurements' errors. This work can help to validate the error effect on the performance of the state estimation of the vehicles.
